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(54) Agitated continuous casting process for aluminium alloy 



(57) When a continuous casting Is carried out while 
applying an electromagnetic agitating force to a molten 
metal of an aluminum alloy composition, the molten 
metal of the aluminum alloy composition, which is used, 
has an Fe content in a range of 0.75 % by weight ^ Fe < 
2 % by weight Thus, a hard Fe-based Intermetallic 

FIG.l 



compound can be crystallized as a primary crystallized 
product, and an acicular intermetallic compound can be 
pulverized and finely divided by cooperation of the hard 
Fe-based intermetallic compound with the electromag- 
netic agitating force. 
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Description 



BACKGROUND OF THE INVENTION 



5 FIELD OF THE INVENTION 

[0001] The present invention relates to an agitated continuous casting process for an aluminum alloy. 
DESCRIPTION OF THE RELATED ART 



to 



[0002] An aluminum alloy ingot made by an agitated continuous casting process is conventionally used, tor example, 
as a thixocasting material. In a thlxocasting process, the casting is carried out by utilizing the fluidity of a semi-molten 
casting material having solid and liquid phases coexisting therein and hence, it is an essential condition to finely divide 
a highly-melting crystallized product such as an initial crystal a. 
15 [0003] However, when a recycled material is used as a starting material from the resources-saving demand, the fol- 
lowing problem is encountered: If the content of Cu, Win. Ti or the lil^ in the recycled material is large, an adcular inter- 
metallic compound having a high melting point is crystallized in a coalesced manner and cannot be finely divkled only 
by an electromagnetic agitating force. 

20 SUMMARY OF THE INVENTION 

[0004] Accordingly, it is an object of the present invention to provide an agitated continuous casting process of the 
above-described type for an aluminum alloy, wherein a hard primary crystallized product is crystallized by specifying the 
aluminum alloy composition of a molten metal, and not only an initial crystal a but also an adcular intermetallic com- 

25 pound of high melting point can be finely divided by cooperation of the primary crystallized product with an electromag- 
netic agitating force. ....... .J J 

[0005] To achieve the above object, according to a first aspect and feature of the present Invention, there is provided 
an agitated continuous casting process tor an aluminum alloy, comprising continuously casting a molten metal of an alu- 
minum alloy composition while applying an electromagnetic agitating force to the molten metal, wherein the molten 

30 metal of the aluminum alloy composition used has an Fe content in a range of 0.75 % by weight s Fe < 2 % by weight 
[0006] If tiie Fe content in the mdten metal of the aluminum alloy composition is specified in the above^lescribed 
range a hard Fe-based intermetallic compound is crystallized as a primary crystallized product at a temperature equal 
to or higher than a temperature of crystallization of an initial crystal a. and pulverizes and finely divides the initial crystal 
a and an adcular intermetallic compound, while being moved at random In a liquid phase by the electromagnetic agi- 

35 tating force. . . , , . . . /«- x u,« 

[0007] However, if the Fe content is lower than 0.75 % by weight, it is absurd or meaningless to add iron (Fe), On the 
other hand, if the Fe content is higher tiian 2 % by weight, an Fe-based Intermelaffic compound is crystalKzed m an 
excessive amount, resulting in a remarkably reduced toughness of a produced continuous casting matenal. 
[0008] The present inventora have fonwarded researches for the agitated continuous casting process and conse- 

40 quentiy have made dear that the amount of a-intermetallic compound crystallized in the Fe-based intermetallic com- 
pound is increased depending on the fAn content in the molten metal, and the crystallized a-intermetallic compound 
becomes a massive a-intermetallic compound by its growth, thereby suppressing the crystallizatfon of a fine p-interme- 
tallic compound in the Fe-based Intermetallic compound. The massive a-intermelal«c compound reduces the cutting 
property of a produced aluminum alloy member, and moreover, brings about a deterioration in plating property and a 

45 reduction in fatigue strength of tine aluminum alloy member. x*u u 

[0009] H is another object of ttie present invention to provide an agitated continuous casting process of the above- 
described type, wherein the amount of a-intemielallic compound crystallized can be suppressed to an inevitable 
amount and the amount of fine p-intermetallic compound crystallized can be increased to an upper limit value. ^ 
[001 0] To achieve the above object, according to a second aspect and feature of the present invention, there is pro- 

50 vided an agitated continuous casting process in which a molten metal of an aluminum alloy composition is introduced 
into a cylindrical water-cooled casting mold disposed immediately below a spout, while being agitated witiiin the spout, 
wherein the molten metal of the aluminum alloy composition used has an Fe content in a range of 0.75 % by weight ^ 
Fe<2%by weight, and an l^n content which is set at Mn^[(Fe/5)+0.2]%byweight, when the Fe content IS inarange 

of 0 75 % by weight ^ Fe ^ 1 .5 % by weight; while being Mn ^ [ - Fe + 2] % by weight, when the Fe content is in a range 
65 of 1 5 % by weight < Fe < 2 % by weight; and the molten metal cooling speed CR in an upper peripheral edge of a wo\- 
ten metal agitating area forming portion on an inner peripheral surface of the spout is set in a range of 10«C/sec ^ CR 
^ 30°C/sec. 

[001 1] if the Fe and Mn contents are set in the above^lescribed ranges, the amount of a-intermetallic compound crys- 
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tallized can be suppressed to an inevitable amount The upper peripheral edge is a site where the moiten metal cooling 
speed is slowest. If the molten metal cooling speed CR In the upper peripheral edge is set in the above^escribed 
range, the growth of the aHntermetallic compound can be suppressed. This enables the amount of fine p-intermetallic 
compound crystallized to be Increased to an upper limit value to largely enhance the mechanical property of an alumi- 
5 num alloy member. The cooling speed is calculated from a cooling cun^e established in the upper peripheral edge. The 
a-intennetallic compound contributes to the pulverization and fine-dividing of a coalesced actcular intermetallic com* 
pound and an initial crystal a. 

[0012] However, if the Fe and Mn contents depart from the above-described ranges, the amount of a-intermetaliic 
compound crystallized tends to be increased, if the cooling speed CR is lower than 10°C/sec, the growth of the a-inter- 

10 metallic compound is advanced, whereby the fine p-intermetallic compound is difficult to crystallize, or is not crystal- 
lized. On the other hand, If the cooling speed CR Is higher than 30''C/sec, the fine-dividing of the initial crystal a in an 
ingot is insufficient, and the rheologic property of the ingot, because the cooling speed Is too high. 
[001 3] Further, the present inventors have fonfvarded the researches fbr the agitated continuous casting process and 
consequently, have investigated that the Fe-based intermetallic compounds are agglomerated in an outer peripheral 

IS area of an ingot to form a relatively large agglomerate, depending on the Mn content in the molten metal, and for this 
reason, it is impossible to provide a sufficient pulverizing and finely-dividing effect by the Fe-based intermetallic com- 
pounds in some cases. 

[0014] The agglomerate is chemically stable and hence, rt is difficult to finely divide the agglomerate by an added ele- 
ment. Moreover, the agglomerate has a high melting point and hence, it is difficult to disintegrate and finely divide the 
20 agglomerate by a thermal treatment. If a thixocasting is earned out using a casting material including such an agglom- 
erate, the agglomerate is caught in an intact state within a produced aluminum alloy merttber. Therefore, the toughness, 
elongation and the Iil<e of the aluminum alloy member are remarkably reduced. 

[0015] It is a further object of the present invention to provide an agitated continuous casting process of the above- 
described type, wherein the agglomeration of the Fe-based intennetallic compounds in an outer peripheral zone of an 
25 ingot made of the aluminum alloy can be suppressed to a large extent and the segregation of various intennetallic com- 
pounds in a center zone of the ingot can be avoided. 

[001 6] To achieve the above object, according to a third aspect and feature of the present invention, there Is provided 
an agitated continuous casting process in which a molten metal of an aluminum alloy composition is Introduced into a 
cylindrical water-cooled casting mold disposed immediately below a spout, while being agitated within the spout, 
30 wherein tiie molten metal of the aluminum alloy composition used has an Fe content in a range of [3/4] % by weight ^ 
Fe < [5/3] % by weight, and an Mn content in a range of [Fe/5] % by weight ^ f\/ln < [- Fe + 2] % by weight: a magnetic 
flux density B in a molten metal agitating area forming portion on an inner peripheral surface of tiie spout is set in a 
range of 1 00 Gs !S B < 500 Gs; and a magnetic flux den^ In a center zone of the molten metal agitating area is set 
in a range of B^ ^ 20 Gs. 

35 [0017] If the Fe content in the molten metal of the aluminum alloy composition is specified in the above-described 
range, hard Fe4>as6d intermetallic compounds are crystallized as primary crystallized products at a temperature equal 
to or higher than a temperature of crystallization of an initial crystal a in the ^^cinHy of the molten metal agitating area 
forming portion on the inner peripheral surface of the spout. In this case, when the Mn content is in tiie above-described 
range, ttie Fe-based Intermetallic compounds are liable to be agglomerated. 

40 [0018] Therefore, the magnetic flux density B in the molten metal agitating area forming portion is set In tiie above- 
described range to intensify the electromagnetic agitating force applied to the moiten metal in the vicinity of such form- 
ing portion. Therefore, the dispersion of the Fe-based intermetallic compounds is positively performed, whereby the 
agglomeration of tine Fe-based intermetallic compounds is suppressed to a large extent Thus. It is possible to provide 
a sufficient pulverizing and finely-dividing effect by the Fe-based intermetallic compounds. However, if the magnetic flux 

45 density B is lower than 100 Gs, the electromagnetic agitating force is so weak that tiie agglomeration of the Fe-based 
intermetallic compounds is liable to occur. On tiie other hand, if the magnetic flux density B is equal to or higher than 
500 Gs, the electromagnetic agitating force is so sti-ong that tiiere is a possibility of a phenomenon bringing about that 
an unsolidifled portion in an ingot breaks through a solidified portion in an outer periphery of the ingot, namely, a situa- 
tion that a break-out is generated to make the casting impossible. 

so [0019] On the other hand, if tfie magnetic flux density B^ in the center zone of tiie molten metal agitating area is set 
in tiie above<iescribed range, the flowing of the molten metal in the center zone which is a zone where the ingot is 
finally solidified, can be suppressed to the utmost, tiiereby avoiding the segregation of various intermetallk: compounds. 
Therefore, Bi « 0 Gs is included in tiie magnetic flux density B^. However, if the magnetic flux density B^ is higher than 
20 Gs. the flowing of the molten metal In tiie center zone of the ingot is noticeable, thereby generating the segregation 

56 of tiie intermetallic compounds and the like. 

[0020] If the Fe content in the molten metal of the aluminum alloy composition is lower ttian [3/4] % by weight, it is 
absurd or meaningless to add iron (Fe). On the other hand, if the Fe content is equal to or higher than [5/3] % by weight, 
the amount of Fe-based intermetallic compounds crystallized is too large and hence, the toughness of an aluminum 
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alloy member made in a thixocasting manner is remarkably reduced. H the Mn content is lower than [Fe/5] % by weight, 
the agglomeration of the Fe-based intermetallic compounds does not occur. On the other hand, if Mn i [- Fe + 2J % by 
weight, the toughness of an alunrunum alloy member made in a thixocasting manner is remarkably reduced. 
[0021 ] The above and other objects, features and advantages of the Invention will beoome apparent from the following 
5 description of the prefenred embodiment taten in conjunction with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0022] 

10 

Fig.1 is a vertical sectional view of a continuous casting apparatus according to a first embodiment of the present 

invention; 

Fig.2 is an enlarged view of an essential portion shown in Fig.1 ; 
Fig.3 is a plan view showing the relationship between a stratified iron core and coils; 
IS Fig.4A is a microphotograph showing one example of a metallographic structure of an example 3, and Rg.4B is a 
tracing of an essential portion shown in Rg.4A; 

Fig.5A is a microphotograph shewing one example of a metallographte structure of an exantpie 4, and Rg.SB Is a 
tradng of an essential portion shown in Rg.SA; 

Rg.6A is a microphotograph showing one example of a metallographic structure of an example 5, and Rg.6B is a 
20 tracing of an essential portion shown in Fig.SA; 

Rg.7A is a microphotograph showing another example of the metallographic structure of the example 3, and FigJB 
is a tracing of an essential portion shown in Rg.7A; 

Rg.SA is a microphotograph showing another example of the metallographic structure of the example 4, and Rg.8B 
is a tracing of an essential portion shown in Rg.BA; 
25 Fig.9A is a microphotograph showing another example of the metallographic stmclure of the example 5. and Fig,9B 

is a tracing of an essential portion shown in Flg.9A; 

Fig. 1 0 is a graph showing the relationship between the Fe content and the average grain size Wl of initial crystals a; 
Fig.11 is a graph showing the relationship between the Fe content and the average length m of acicular intermetal- 
fie compounds: 

30 Fig. 12 is a graph showing the relationship between the Fe content and the Charpy impact value; 
Fig. 13 is a graph showing the relationship between tiie Mn and Cr contents; 

Fig. 14 is a graph showing tfie relationship between ttie magnetic flux density and the average cooling speed MCR; 
Fig. 15 is a graph showing Fe and Mn contents in each of various aluminum aOoys; 
Fig. 1 6 is a view for explaining a method for measuring a TM A temperature; 
3S Fig. 17 is a graph showing results of a fatigue test; 

Fig. 18 is a graph showing the Fe and Mn contents in each of various aluminum alloys; 
Fig. 19 is a diagram for explaining the formation of magnetic flux by 4-poIe cdls; 
Fig.20 is a diagram for explaining the formation of magnetic flux by 2-pole coils; 

Fig.21 is a graph showing the relationship between the distance from an outer peripheral surface of a short column 
40 and the magnetic flux density; 

Rg.22 is a graph showing the relationship between the distance from an outer peripheral surface of an ingot and 
the Fe content; 

Rg.23A is a microphotograph showing the metallographic structure of an ingot example (1), and Rg.23B is a trac- 
ing of an essential portion shown in Fig.23A; 
45 Rg.24A is a microphotograph showing the metallogrs^hic structure of an ingot example (2), and Rg.24B is a trac- 
ing of an essential portion shown in Rg.24A; 

Rg.25A Is a microphotograph showing the metallographic structure of an ingot example (7)1 and Rg.25B is a trac- 
ing of an essential portion shown in Rg.25A; 

Fig.26 is a graph showing the relationship between tiie lengtii L of the longest portion of an agglomerate in an alu- 
so minum alloy member and the Charpy impact value; 

Fig.27A is a microphotograph showing the metallographic structure of an ingot example (6a) , and Fig,27B is a trac- 
ing of an essential portion shown in Rg.27A; 

Fig.28A is a microphotograph showing tiie metallographic stmcture of an ingot example (6b), and Fig.28B is a trac- 
ing of an essential portion shown in Rg.28A; and 
65 Fig.29 is a microphotograph showing the relationship between the sum Fe + Mn of the Fe and Mn contents in each 
of aluminum alloy members and the Charpy Impact valua 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 



[0023] A continuous casting apparatus 1 shown In Rgs.1 and 2 includes a drum-shaped body 2 having an axis turned 
vertically. The drum-shaped body 2 Is comprised of an Inner peripheral wall 3, an outer peripheral wall 4 disposed at a 

5 predetermined distance around the outer periphery of the Inner peripheral wall 3. an annular upper end wall 5 located 
at upper ends of both the walls 3 and 4, and an annular lower end wall 6 located at lower ends of both the walls 3 and 4. 
[0024] The Inner peripheral wall 3 comprises an upper cylindrical member 7 and a lower cylindrical member 8. An 
inwaid-tumed annular portion 10 of an annular rubber seal 9 fitted over an outer peripheral surface of a lower portion 
of the upper cylindrical member 7 is sandwiched between the cylindrical members 7 and 8 to seal them from each other. 

10 A lower half of the upper cylindrical member 7 Is formed with a thickness larger than that of an upper half 1 2, so that an 
annular step 1 1 is fonned inside the lower half, thereby forming a cylindrical water-cooled casting mold 13, The water- 
cooled casting mold 13 is formed of an aluminum alloy (e.g.. A5052). 

[00251 A spout 15 is fitted into the upper half 1 2 with a thin cylindrical member 1 4 interposed therebetween, so that it 
Is located coaxially with the water-cooled casting mold 13. An annular lower end surface 17 of the spout 15 forming a 

IS downward-turned molten metal outlet 16 abuts against the annular step 1 1 . An annular removal-preventing plate 18 is 
fitted over that portion of the spout 15 which protrudes from the upper end wall 5, and the removal-preventing plate 18 
is fixed to the upper end wall 5. The spout 15 Is formed of calcium silicate having a heat-insulating property and a fire 
resistance. Alternatively, alumina, silica or the like may be used as a material fbr forming the spout. A molten metal sup- 
ply tub 19 for pouring a molten metal horizontally Is disposed above the spout 15 and has a downward-turned molten 

20 metal supply port 20 communicating with an upward-turned molten metal receiving port 21 of the spout 15. 

[0026] An electromagnetic induction-type agitator 23 is disposed in a cylindrical closed space 22 between the inner 
and outer peripheral walls 3 and 4 of ttie drunvshaped body 2. and provides an electromagnetic agitating force to a mol- 
ten metal Mm present within the spout 15. The agitator 23 comprises a cylindrical stratified Iron core 24. and a plurality 
of coils 25 wound around the cylindrical stratified Iron core 24. The stratified iron core 24 is comprised of a cylindrical 

25 portion 26. and a plurality of projections 27 disposed circunrferentially at equal distances on an inner peripheral surface 
of the cylindrical portion 26 to extend in a direction of a generating line, as best shown in Fig.3. Each of the coils 25 is 
wound around adjacent ones of the projections 27, so that portions of the two coils 25 overlap each other on one pro- 
jection 27. ^ ^ ^ 
[00271 A thin cylindrical coil-retaining member 28 'refitted inside the stratified iron core 24, so that a tip end surface of 

30 each of tiie projections 27 is in dose contact with the coil-retaining member 28. The cylindrical coil-retaining menriber 
28 is fixed within tiie cylindrical closed space 22 with a portion of its inner peripheral surface being in close contact with 
the annular rubber seal 9. The sti^tified iron core 24 is placed onto an annular support member 29 for tiie lower end 
wail 6 and fixed to ttie annular support member 29 by a plurality of bolts 30 and nuts 31 . A plurality of connectors 32 are 
provided witti a ratio of two to one coil 25 and each of tiie connectors 32 are mounted through tiie lower end wall 6 by 

35 a water-tight means. 

[0028] A plurality of water supply ports 33 are defined in tiie outer peripheral wall 4, so that cooling water w is supplied 
through the water supply ports 33 into the closed space 22. A plurality of through-bores 34 are defined In the cylindrical 
member 28 inside tine stiBtified iron core 24 and located in the vicinity of an upper end of ttie cylindrical member 28. 
whereby a cooling water sump 35 is defined above the annular rubber seal 9. The water-cooled casting nnold 13 is 
40 cooled by the cooling water sump 35. and has a plurality of Meeting bores 36 for ejecting tiie cooling water yst in the cool- 
ing water sump 35 obliquely downwards. The through-bores 34 are also defined in a lower portion of the cylindrical 
member 28. 

[0029] In order to supply a lubricating oil to between the water-cooled casting mold 13 and the molten metal Mm. lubn- 
cating oil passages which will be described below are provided around the spout 15. In the inner peripheral wall 3, a 

45 lower plate 37 of the upper end wall 5 is integrally provided on an upper end of the upper cylindrical member 7. Provided 
between an upper plate 38 and ttie lower plate 37 of tiie upper end wall 5 are an annular passage 39 sun-ounding tiie 
spout 15. and a plurality of straight passages 40 extending radiately from the annular passage 39. An inlet 41 defined 
in ttie upper plate 38 communicates witii ends of the straight passages 40, and is connected to an oil supply pump. As 
best shown in Flg.2. a cylindrical passage 42 is defined between an Inner peripheral surface of the upper half 12 of tiie 

so upper cylindrical member 7 and an outer peripheral surface of the cylindrical member 14, and a plurality of obliquely 
downwaixl-turned through-bores 43 are defined in a connection between the upper half 12 and the lower plate 37 to per- 
mit the commurtication between tiie cylindrical passage 42 and tiie annular passage 39. A lower end of the cynndrical 
passage 42 communicates witti a plurality of V-shaped outiets 44 an-anged radiately between tiie annular step 1 1 and 
the annular lower end surface 17 of the spout 15. ., 

55 [0030] A molten metal agitating area A within the spout 15 Is a space surrounded by a group of the coils 25 forming 
a substantially cylindrical shape, and hence, Is a region extending from an Intermediate portion of the inside of the spout 
15 located at the same level as tiie upper end surface of the group of coils 25 to the molten metal outiet 16. A molten 
metal agitating area forming portion fi of the inner peripheral surface d of ttie spout is of a tapered shape wrth te inner 
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diameter gradually Increased from its upper peripheral edge I toward the molten metal outlet 16 which is its lower 
peripheral edge. In the illustrated embodiment, the molten metal agitating area forming portion & forms a curved sur- 
laca Further, if an Inside radius of the molten metal outlet 16 of the spout 15 is represented by ri . and an Inside radius 
of the water-cooled casting mold 13 Is represented by re, relations r, < ra and r 2 - r ^ = Ar (wherein Ar is an amount of 
5 protrusion of the spout 15) are established between the Inside radii r^ and rg. The spout 15 has an annular protrusion 
15a around the molten metal outlet 16 thereof. 

[Embodiment Q 

[0031] When a molten metal Mm having an aluminum alloy composition is subjected to a continuous casting using 
the above-described continuous casting apparatus 1, while applying an electromagnetic agitating force to the molten 
metal Mm. the molten metal Mm having the aluminum alloy composition whldi may be used, has an Fe content In a 
range of 0.75 % by weight ^ Fe < 2 % by weight. 

[0032] Referring to Fig.1 , when the molten metal Mm having the aluminum alloy composition is supplied from the mol- 
ten metal supply port 20 of the molten metal supply tub 19 into the spout 15. the electromagnetic agrtating force is 
applied to the molten metal Mm within the spput 15 by the agitator 23 and then, the molten metal Mm is cooled by the 
water-cooled casting mold 13 to produce an Ingot I. ^.i ^ ^ 

[0033] If the Fe content in the molten metal Mm having the aluminum alloy composition is specified as descnbed 
above a hard Fe^jased intermetaliic compound is crystallized as a primary crystallized product at a temperature equal 
to or higher than a temperature of crystallization of an initial crystal a. While the intermetaliic compound Is being moved 
around at random in a liquid phase by the electromagnetic agitating force, the initial crystal a and an acicular interme- 
taliic compound are pulverized and finely divided. Thus, an ingot I suitable for a thixocasting process, namely, a casting 
material can be produced. 

[0034] Particular examples will be described below. 
[A] Fe Content 

[0035] Table 1 shows the composition of an aluminum alloy which is a starting material. 
30 Table 1 





Chemical constituent {* by weight) 






Al 
alloy 


Cu 


Si 


Mg 


Zn 


Fe 


Mn 


Cr 


Ni 


Ti 


Sr 


Balance 


4.8 


7 


0.24 


0.8 


varied 


0.67 


0.12 


0.1 


0.2 


0-03 


Al 



40 



45 



50 



[00361 Molten metals Mm of aluminum aBoys having varied Fe contents were prepared, and various ingots I v^ere pro- 
duced using the continuous casting apparatus 1. Casting conditions are as follows: A casting speed was 150 mmAnm: 
a lubricating oil was a PTFE particle-added mineral oO; the amount of lubricating oi suppOed was 1 ccMiiri: the amount 
of cooling water supplied was 80 liter/min; the temperature of the moKen metal in the molten metal receiving port 21 of 
the spout 1 5 was 650«C; the magnetic flux density B on the inner peripheral surface £j of the spout was 360 C3s (4i>rte 
coils. 50 Hz): an average cooling speed MCR of the molten metal Mm contacting the inner peripheral surface fl of the 
spout was 10'Cfeec; and a protrusion amount Ar of the spout 1 5 was 2 mm. 

(1) An average grain size M of the initial crystal a and an average length m of the acicular irrtermdlalDc compound 
were measured for examples 1 to 8 of the ingots I on the basis of a mictopholograph showing the metallographic 
stmctures of examples 1 to 8, thereby providing results given In Table 2. 
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Table 2 



Ingot 


Fe content X(% by 
w^ght) 


Average grain size M of 
Initial crystals a (pun) 


Average length m of 
acicular intermetaliic 
compounds (pm) 


Example 1 


0.20 


70 


110 
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Table 2 (continued) 



Ingot 


Fe content X(% by 
weight) 


Average grain size M of 
Initial crystals a (iim) 


Average length m of 
adcular intermetallic 
compounds {^) 


Example 2 


0.42 


65 


115 


Examples 


0.51 


69 


105 


Example 4 


0.60 


47 


54 


Example 5 


0.75 


39 


31.3 


Examples 


0.98 


39.5 


33 


Example 7 


1.96 


40 


31 


Example 8 


2.20 


41 


31 



Rgs.4A, 4B, 5A. 5B. 6A and 6B are microphotographs and the tracings of essential portions thereof, showing 
the metallographic structures of those portions of examples 3 to 5 which include the Fe-based Intermetallic com- 
pound. In each of Figs.4A to 6A, a light gray island-shaped portion is an initial crystal a; a dark gray substantially 
polygonal portion Is an Fe-based intermetallic compound; and a stipple-shaped portion filling a space between the 
adjacent initial crystals a is mainly a eutectic crystal component. 

To measure the average grain size M of the initial crystal a. the following method was used: As shown in 
Rgs.4B to 6B, three straight lines L^. L2 and L3 crossing a plurality of initial crystals a were drawn, so that two of 
them intersect the remaining ona In the first straight line Li , a length of a line segment within each of the Initial 
crystals a was determined, and an average length Tb/N = M ^ of the line segments was determined, wherein Tb 
represents the sum of the lengths b of such line segments, and N represents the total number of the Initial crystals 
a through which ttte straight line ^ passes. With regard to the second and third straight lines and Lg. average 
lengths M2 and 1^3 of line segments were likewise determined. Thereafter, an average v^ue 
(I^ ^ + 2 + *^ M of the average lengths Mi. Mg and M3 was calculated as an average grain ^ze of the initial 

crystals ou • . 

Figs.7A. 7B, 8A. 8B, 9A and 98 are microphotographs and the tracings of essential portions thereof, showing 
the metallographic structures of those portions of examples 3 to 5 which include the acicular intermetallic com- 
pound. In each of FigsJA to 9A, a light gray island-shaped portion is an Initial crystal a; a dark gray longer portion 
is an acicular intermetallic conpound; and a stipple-like portion filling a space between the adjacent initial crystals 
a is mainly a eutectic crystal component. 

To measure the average length m of the acicular internftetallic compound, lengths c of a plurality of adciilar 
Intermetallic compounds were determined, and an average length Tc/n = m of the acicular intermetallic com- 
pounds was calculated, as shown in Figs.7B to 9B. wherein Tc represents the sum of tine lengths c of the acicular 
Intermetallic compounds, and n represents the total number of the acicular intermetallic compounds. 

ngs.10 and 1 1 are graphs taken from Table 2 and showing the relationship between the Fe content, the aver- 
age grain size M of the Initial crystals a and the average length m of the acicular Intermetallic compound, respec- 
tively. It can be seen from Figs, 1 0 and 11 that if the Fe content is set at Fe ^ 0.75 % by weight, the Initial crystals a 
and the acicular Intermetallic compound are finely divided to a sufficient extent 

(2) Examples 1 . 4, 8, and 9 to 17 of the ingots I were subjected to a Charpy Impact test to provide results given in 
Table 3. In this test, a lest piece having a U-shaped notch having a depth of 2 mm (a JIS No.3 test piece) was used. 



Tabled 



Ingot 


Fe content X(% by 
weight) 


Charpy impact value 
(J/cm2) 


Example 9 


0.10 


2.20 


Example 1 


0.20 


2.00 


Example 10 


0.40 


1.60 


Example 4 


0.60 


1.40 
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Table 3 (oontinued) 



Ingot 


Fe content X(% by 


Charpy Impact value 
(j/cm2j 




Q 80 


1.13 


Example 12 


1.00 


0.99 


Example 13 


1.30 


0.82 


Example 14 


1.40 


0.78 


Example 15 


1.60 


0.68 


Example 1 6 


1.90 


0.62 


Example 17 


2.00 


0.12 


Example 8 


2.20 


0.09 



Fig.12 18 a graph taken from Table 3 and showing the relationship between the Fe content and the Charpy 
Impact value. As apparent from Flg.12, if the Fe content is equal to or higher than 2.0 % by weight, the Charpy 
Impact value of the Ingot 1 is remarkably low. TTierefore, the Fe content is set lower than 2.0 % by weight 
(3) If the molten metal agitating area fomiing portion fi of the inner peripheral surface d of the spout is fonned into 
the tapered shape, as described above, fte molten metal agitating area A is enlarged. Iherefbre. a large number 
of the Fe-based Intermetallic compounds can be crystallized, and the fine-division of the acicular intermetalllc com- 
pound and the like by the Fe-based intermetallic conpounds can be perfonned to a sufficient extent 

[B]Mn and Or contents 

[0037] When the Mn content is set in a range of a/2 ^ Mn ^ a and the Cr content is set in a range of a/1 0 ^ Cr ^ a/4 
wherein a represents the Fe content in the aluminum alloy having the Fe content set In the above<lescribed range, the 
corner of the Fe-based intennetallic compound Is of an acute angle. If such an Fe-based intermetallic compound is 
crystallized, the pulverization of the acicular intermetallic compound can be promoted, whereby thefine<livision thereof 
can be further enhanced. 

[0038] Table 4 shows the composition of an aluminum alloy which is a starting material. 



Table 4 





Chemical constituent (% by weight) 


alloy 


Cu 


Si 


Mg 


Zn 


Fe 


Mn 


Cr 


Ni 


Ti 


Sr 


Balance 


4.8 


7 


0.24 


0.8 


1 


varied 


0.1 


0.2 


0.03 


hi 



[0039] Molten metals Mm of such aluminum alloys having an Fe content fixed at 1 % by weight and Mn and Cr con- 
tents varied were prepared, and various ingots I were produced using the continuous casting apparatus 1 under the 
same casting condition as those described above. 

[0040] Table 5 shows the Mn and Cr contents and the average length m of the acicular intermetallic compounds in 
each of examples 1 to 14 of the ingots I. 
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TaUeS 



5 


Ingot 


Mn content (% by 
weight) 


Or content by weight) 


Average length m of 
acicular Intermetallic 




Example 1 


0.4 


n in 


50 




Example 2 


A A 

0.4 




47 


10 


Example 3 


O.O 


n HQ 


43 




Example 4 


O.O 


ft 10 


30 




Example 5 


n K 
U.o 


ft 9*) 


28 


IS 


Example 6 


U.o 


0.30 


48 






0.6 


0.20 


27 




Exanr^leS 


0.9 


0,15 


30 




Examples 


1.0 


0.09 


45 


20 


Example 10 


1.0 


0,10 


30 




Example 11 


1.0 


0.25 


29 




Example 12 


1,0 


0.30 


50 


25 


Example 13 


1.2 


0.10 


50 




Example U 


1-2 


0.25 


40 



[0041] Fig.13 is a graph taken from Table 5 and showing the relationship between the Mn and Cr contents. As appar- 
50 ent from Table 5 and Rg.13. if the Mn content is set In a range of 0.5 % by weight (a/2) ^ Mn ^ 1 .0 % by weight (a) and 
the Cr content is set in a range of 0.1 % by weight (a/IO) ^ Cr 5 0.25 % by weight {a/4) at the Fe content of 1 % by weight 
(a), the average length m of the acicular intermetallic compounds can be reduced to 30 jim or less, as in examples 4. 
5, 7, 8. 10 and 11. 

35 [C] Average Cooling Speed MCR of Molten Metal and Magnetic Rux Density B 

[00421 In the continuous casting apparatus 1 having the above-described anrangement. if the average cooling speed 
MCR of the molten metal Mm contacting the molten meta! agitating area fonning portion of the inner peripheral sur- 
face d of the spout is set in a range of 0.5°C/sec ^ MCR ^ 20°C/sec and the magnetic flux density B in the molten metal 
40 agitating area forming portion a is set in a range of 100 Qs ^ B < 500 Gs. those of tiie Fe-based Intermetallic com- 
pounds which have an acute angle can be produced in an amount of 90 % or more to promote the f ine^iivision of the 
acicular intermetallic compound. 

[0043] Table 6 shows the composition of an aluminum alley which is a starting material. 
45 Table 6 





Chemical constituent (% by weight) 




Al 
alloy 


Cu 


Si 


Mg 


Zn 


Fe 


Mn 


Cr 


Ni 


Ti 


Sr 


Balance 


4.8 


7 


0.24 


0.8 


0.8S 


0.67 


0.12 


O.L 


0.2 


0.03 


Al 



[0044] A molten metal Mm of such aluminum alloy conposition was prepared, and various Ingots I were produced 
using tiie continuous casting apparatus 1 under substantially the same conditions as those described above, except 
thai ttie magnetic flux density B and tiie average cooling speed MCR of the molten meta! Mm were varied. In this case, 
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as shown in Rgs. 1 and 2, the variation of the average cooling speed MCR wad performed by forming the molten metal 
agitating area forming portion into the curved surface and varying the protmsion amount Ar of the spout 15 at an 
inside diameter = 76 mm and a height H = 142 mm of the molten metal receiving port 21 of the spout 15 and the 
inside diameter D2 ° 1 52 mm of the water-cooled casting wo\6 13. 
5 [0045] Table 7 shows the protrusion amount Ar, the average cooling speed MCR, the magnetic flux density B and the 
presence rate of the Fe-based Intermetallic compounds having the acute angle with regard to examples 1 to 15 of the 
ingots I. 



Ingot 


Protrusion amount Ar 
(m) 


Average cooling speed 
MCR C'C/sec) 


Magnetic flux density B 
(Qs) 


Presence rale of Fe- 
based intermetallic 
RomooLinds havino 
acute angle (%] 


Example 1 


0 


24 


100 


68 


Exan^le 2 




20 


90 


84 


Example 3 


1 


20 


100 


90 


Example 4 




20 


310 


90 


Example 5 




20 


360 


92 


Example 6 




20 


490 


94 


Example 7 




20 


500 


uncastable 


Examples 


2 


10 


200 


90 


Example 9 


5 


5 


400 


92 


Example 10 


10 


2 


150 


92 


Example 11 


20 


0.8 


300 


94 


Example 12 


36 


0.5 


100 


96 


Example 13 


36 


0.5 


490 


95 


Example 14 


45 


0.44 


100 


85 


Example 15 


45 


0.1 


100 


85 



[00461 In the case of example 7. the electromagnetic agitating force applied to the molten metal Mm was too large 
« and for this reason, the molten metal Mm was caused to enter a lubrfcating oil outlet 44. whereby maWng the casting of 
tlie molten metal was made Impossibte. ^ ^ •.. d 

100471 Fig 1 4 is a graph taken from Table 7 and showing the relationship beMveen the magnetic flux density B and the 
average cooling speed MCR. The acicular intermetallic compound can be finely dMded Into an average length of 50 Mm 
or less by setting «ie magnetic flux density B and the average cooling speed MCR in a range of O.S»Cftec & MCR S 
45 20»Cfeec and in a range of 100 Gs i B < 500 Gs. respectively, in l=ng. 14. 

[Embodiment II] 

[00481 Even in tiiis embodiment, the continuous casting apparatus 1 shown in Rg8.1 and 2 is i«ed. 
[00491 A molten metal Mm of an aluminum alloy composition used, is a molten metal having an Fe «»n)ent in a range 
of 0 75 % by weight ^ Fe < 2 % by weight; a motten metal having an Mn content being set at Mn i [(Fe/5) + 0.2] /o by 
weight when the Fe content is in a range of 0.75 % by weight ^ Fe i 1 .5 % by weight, and a molten nrietal having an Mn 
content being set at Mn ^ [- Fe + 2) % by weight when the Fe content is in a range of 1^5 % by w^igM < < 2 
weight. The cooling speed CRof the molten metal Mm in the upper peripheral edgelof the moHen metel agitating area 
forming portion aon the inner peripheral surface & of the spout is set in a range of 10'C/sec ^ CR s 30 C/sec 
[0050] if the Fe and Mn contents are set in the above-described ranges, it is possible to supprres the arnount a- 
intermetallic compounds crystallized to an unavoidable amount The upper peripheral edge I is a site where the cooHng 
speed of the molten metal Mm is slowest If ttie coofing speed CR of the molten metal Mm in the upper perv>heral edge 
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i is set in the above-described range, it is possible to suppress tlie growth of a-^ntermetallic compounds. Thus, the 
amount of fine p-intermetallic compounds crystallized can be increased to an upper limit value. The a-intermetallic com- 
pounds crystallized contribute to the pulverization and fine^ivision of a coalesced adcular intermetallic compound and 
the Initial crystal a. 

5 

(EXAMPLE 1) 

100511 Table 8 shows tine composition of each of the aluminum alloys(l) to (12) and the upper limit value of Mn con- 
tent. The upper limit value is Mn = [(Fe/5) + 0.2] % by weight, when the Fe content is in a range of 0.75 % by weight ^ 
10 Fe ^ 1 .5 % by weight: while being Mn = [- Fe + 2] % by weight, when the Fe content is In a range of 1.5 % by weight < 
Fe< 2% by weight 
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[0052] Using each of the aluminum alloys (1) to (12). an ingot I was produced in a casting manner by the agitated 
continuous casting apparatus 1. CasUng conditions are as tallows: Ttie melting temperature was set at 730»C: the tem- 
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perature of the moHen metal just above the spout 1 5 was set at 650'C: a cast product withdrawing 8pe^««s set at 

rsomm/min: the protrusion amourrt AT of thespoutlSwas set at2rnm:thediameter^^^^ 

magnetic flux density in the molten metal agitating area fOnning portion a was set at 360 Gs (4^JoIe cofls and SO Hz). 

and the cooling speed CR of the molten metal Mm in the upper peripheral edge I was set at 15.5 C/sec. 

10053] The presence of a-intennetaUic compounds and fine (J-intemietallic compounds was »«'^"«^^\ f ^J,"' 

ingots 1. As a result, the presence of a large amount of fine p-intemtetaffic compounds was oteerv^ *f "Sic 

rr^e from the aluminum alloys (1). (3), (4). (7). (10) and (11), and the presence of a argeam^^^ 

comoounds was observed in the ingots I made from the aluminum alloys (2). (5). (6). (8). (9) and (12). 

S Rg^ is a graph showing *e Fe and Mn contents in the aluminum alloys (1) to (12) wfth the Fe contem taken 

onttie axis of abscissas and the Mn content taken on the axis of ordinates. In Fig.15. polms (1) to (12) correspond to 

the aluntinum alloys (1) to (12). respectively. ...^ ,^ «Mi„« = .,«inHn7s m 

r00551 From the casting result, it can be said that the inside of a quadnlateral formed by connecting a point (0.75. 0). 
a point (1). a point (3). a point (7). a point (10). a point (11) and apoint (2.0. 0) to one another In Fig. 5. is a regiw. 
wWch ensures that a large amount of fine p-intermetallic compounds can be crystalHzed. In this case, a hne Pb = 0.75. 
a line Iwin = (Fe/5) + 0.2 and a line Mn = - Fe + 2 are included in such region, but a Bne Mn = 0 is not included in such 
re^on. 

(EXAMPLE 2) 

[0056] TSble 9 shows the composition of an aluminum alloy and the upper limit value of Mn content "^e "pper Krnit 
value is Mn =I(Feffi) + 05] % by weight, because the Fe content is in a range of 0.75 % by weight s Fe s 1 .5 % by 
weight 
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[0057] Using the aluminum aHoy. an ingot i was produced in a casfing manner by the agitated continuous casting 
apparatus 1 . Casting conditions are as follows: The melting temperature was set at 730»C; the temperature of the mol- 
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ten metal just above the spout 15 vras set at 650°C: the cast product withdrawing speed was set in a range of 150 to 
270 mmMiin; Ihe protrusion amount Ar of the spout 1 5 was set in a range of 2 to 36 mm; the diameter of the ingot I was 
152 4 mm- and the magnetic flux density In the moften metal agitating area forming portion a was set at 360 Gs (4i30le 
cons and 50 Hz). The cooHng speed CR of the moHen metal Mm in the upper peripheral edge f was vaned by changing 
the cast product withdrawing speed and the prrtrusion amount Ar of the spout 15 in the above-described ranges, 
respectively. 

rooSSI The presence rates and rheologic properties of a-intermetallic compounds and fine pHntermetalilc compounds 
were examined for each of the ingots I to provide results given in Table 10. In Table 10. o-IMC indicates the «-lnterme. 
tallic compound, and p-IMC indicates the fine p-intermetallic compound. The presence rate of the a-intemietallic 
confounds and the presence rate of the fine p-intermetallic compounds were determined according to equations 
D , = (d ,/(d , + d 2)1 X 1 00 and D 2 = {d 1 + d z)} X 100 . wherein di represents an area rate of the a-.ntermetall.c 
compound in a filld of view by a melal microscope of 100 magnification, and da represents an area rate of the fine p- 

Srl-o SSeme rtieologic property, a test piece having a diameter of 3 mm and a thicl^ess o» 2 mm was cut 
away from each of the Ingots I. As shown in Rg.1 6. a weight 47 of 20 g was placed onto a dish 46 of a balance 45. and 
atest piece 49 wasfittedintoavessel 48 of the balance 45. Then, tite test piece 49 washe^edbyah^e^^^^ 

pin 51 having a diameter of 1 mm and a length of 2 mm was pushed against the test p.ece « ^^^J^"™ 

at the time when the pin 51 was stuck into the test piece 49 by a pushing pressure keeping a balance with the weight 
47 of 20 g. namely, a TMA temperature was measured. 

Table 10 
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Example 


Cooling speed Or 
fC/sec) 


Presence rate (%] 


TMA temperature fC) 






a-lMC 


P-IMC 




1 


0.2 


100 


0 


590 


2 


0.6 


100 


0 


588 


3 


0.8 


100 


0 


590 


4 


0.95 


100 


0 


590 


5 


1 


100 


0 


591 


6 


5 


100 


0 


590 


7 


9.4 


60 


40 


591 


8 


10 


5 


95 


588 


9 


15 


5 


95 


590 


10 


20 


5 


95 


592 


11 


22 


5 


95 


592 


12 


30 


5 


95 


590 


13 


32 


5 


95 


600 



[00601 AS apparent from Table 10. if the cooling speed CR Is set In a range of 1 0-C^ec ^ CR ^ SO"^^^^- ^^^J^T 
nocaLS 8to 1 2 the presence rate of e-inlermetainc compounds can be suppressed to 5 %. namely, the amourrt of 
^Zndscrystaiii^ 

p-lntemietairic compounds can be increased to 95%. namely, the amount of fme Mitermetallic compounds crystallized 

"ton as in T^Te gTsoO'C. and hen?e. this Ingot has a poor rheologic property and cannot be used as jtt«xocasting 

m^erral A TMA temperature for each of examples 8 to 12 produced in a casting manner wittijn tt^e above^escnbed 

mte looZieJl CR is lower than 600«C and hence, each d e«^^ 

3l Then athixocasBng process was carried out using examplesSandStoproducet^^^^ 

Sg ^Si«o« r« Slows: The temperature of the casting material was set at 580-C: the Injeclion speed was 

set at 2.0 m/seo; and the temperature of a mold was set at 250°C. 
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10063] A test piece was fabricated from each of the aluminum alloy members and subjected to a tension and com- 
pressfon fatigue test to provide results given in Rg.l 7. In Rg.1 7, examples 5 and 8 correspond to the exampl^ 5 and 
8 of the ingots. As apparent from Flg.17. if example 8 having a large amount of fine p-internietallic compounds is used, 
an aluminum alloy member having an excellent fatigue strength can be produced, as compared with the case where 
exanple 5 having only a-intermetallic connpounds is used. 



[Embodiment HQ 

[0064] Even in this embodiment, tfie agitated continuous casting apparatus 1 shown In Figs.1 and 2 is used. 

10 [0065] A molten metal m of an aluminum alloy composition used. Is a molten metal having an Fe content in a range 
of [3/4] % by weight ^ Fe < [5/3] % by weight, and a molten metal having an Mn content In a range of [Fe/S] % by weight 
^ Mn < [- Fe + 2] % by weight. When the Fe content Is taken on an axis of x and the Mn content is taken on an axis of 
y in Fig.18, a triangular region surrounded by a line Fe » 3/4. a line Mn = Fe/5 and a line Mn = -Fe + 2. is a range of 
composition of the aluminum alloy. However, the composition on the line Mn = -Fe + 2 is not included in such range of 

IS composition. 

[0066] Referring to Fig. 1 . when the molten metal Mm having the above-described aluminum alloy composition is sup- 
plied from the molten metal supply port 20 in the molten metal supply tub 19 into the spout 15, the molten metal Mm, 
whilebeing electro-magnetlcally agitated within the spout 15 by the agitator 23, is introduced into the water-cooled cast- 
ing mold 13 disposed just below the spout 15. where it is cooled in the water-cooled casting mold 13. thereby providing 

20 an ingot I. In this casting course, the magnetic flux density B in the molten metal agitating area forming portion fi on the 
inner peripheral surface d of the spout Is set In a range of 1 00 Gs ^ B < 500 Gs, and the magnetic flux density in the 
center zone h of the molten metal agitating area A Is set at B^ ^ 20 Gs (including B^ = 0 Qa). 
[0067] If the Fe content in the molten metal Mm having the aluminum alloy composition is specified as descnbed 
above, hard Fe-based intermetalllc compounds are crystallized as a primary crystallized product at a temperature equal 

25 to or higher than a temperature of crystallization of an initial crystal a In the vicinity of the molten metal agitating area 
forming portion fi on the inner peripheral surface i of the spout. In tills case, when the Mn content is in the above- 
described range, the Fe-based intermetallic compounds are liable to be agglomerated. 

[0068] Thereupon, the magneticf lux density B In the molten metal agitating area forming portion fi is set in the above- 
desCTibed range to intensify the electromagnetic agitating force applied to the molten metal Mm lying in the vianity of 
30 the forming portion e. Therefore, the dispersion of the Fe-based IntermetalRc compounds is positively perlbrmed. 
whereby the agglomeration of the Fe-based intermetallic compounds is suppressed to a large extent. Thus, a sufficient 
pulverizing and finely-dividing effect can be achieved by tiie Fe-based intermetallic compounds. 
[0069] On the otiier hand, if the magnetic flux density Bi in tiie center zone h of tiie molten metal agitating area A is 
specified as described above, the flowing of the molten metal Mm in the center zone h which is a zone of final solidHi- 
cation of the ingot I. can be suppressed to the utmost to avoid tiie segregation of various types of intermetallic com- 
pounds and the like. . ^ ^ 
[0070] The control of the magnetic flux densities B and B^ as described above is achieved easily by the electromag- 
netic induction-type agitator 23 including 4-pole coils. 

[0071] Fig.19 shows a magnetic flux profile provided at a certain moment by twelve 4-pole coils connected to a three- 
phase power source (U, V. W). In the case of this magnetic flux profile, magnetic force lines i exist in an outer peripheral 
zone k of the molten metal agitating area A, but littie exist in the central zone fa. Therefore, the magnetic flux density is 
high in the molten metal agitating area forming portion £ on the inner peripheral surface i of the spout, but is extremely 

low or zero in the center zone h- ^ j » *u 

[0072] Fig 20 shows a magnetic flux profile provided at a certain moment by six 2-poIe coils connected to a three- 
phase power source (U. V, W). In the case of this magnetic flux profile, magnetic force lines j necessarily exist in the 
center zone h of the molten metal agitating area A and hence, the high magnetic flux density in the center zone h 
causes the molten metal Mm to flow, thereby generating the segregation of intermetallic compounds, 
[0073] A difference between ti^e characteristics of such 4-poIe and 2-pole coils was confirmed from an expenment 
which will be described below. A short column made of an aluminum alloy having an electric resistance p of 1 .38 x 10 
7 n - m and a diameter of 152 mm was prepared. An electric induction-type agitator having 4-pole coils was placed on 
an outer periphery of the short column, and electric current of 30 A and 50 Hz is allowed to flow from ttie three-phase 
power source to each of the cofls. In this manner, the relationship between that position on the radius of tiie short rol- 
umn which is spaced at a certain distance apart from the outer peripheral surface of the short column and the magnetic 
flux density in tills position was examined. An experiment simflar to that described above was carried out using an elec- 
tric induction-type agitator having 2iDole coils, whereby the relationship between tfie above^Jescribed position and the 
magnetic flux density in this position was examined. 

[0074] Fig 21 shows results of tiie experiments. As apparent from Flg.21 . when the 4-pole coil is used, the magnetic 
fluxdensity is decreased proportionally from an outer peripheral surface of the short column toward a position which is 
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about 69 mm spaced apart from the outer peripheral surface, and becomes zero at such position. This applies to a por- 
tion which is the center and 76 mm spaced apart from the outer peripheral surface. Therefore, when the 4-pole coil is 
used, a center zone h with a magnetic flux density being zero appears. On the other hand, when the 2-pole coil is used, 
the magnetic flux density Is little decreased in any position spaced apart firom the outer peripheral surface and hence, 
5 it is obvious that a high magnetic flux density exists even in the center zone h. 

(EXAMPLE 1) 

10075] Table 1 1 shows the composition of example (1) of an aluminum alloy. 

10 

Table 11 



Example 
(1) of 

alumlnxixn 
alloy 


Chemical constituent (% by weight) 


Cu 


Si 


Mg 


Zn 


Fe 


Mn 


Cr 


Nl 


Ti 


Sr 


Balance 


4.8 


7 


0.24 


0.8 


0.85 


0.67 


0.12 


0.1 


0.2 


0.03 


Al 



25 [0078] The Mn and Fe contents in this example (1) are put in a triangular region as shovwi by a point (1) in Rg.18. 
[0077] Using the example (1) of the aluminum alloy, an ingot I was produced in a casting manner by the agitated con- 
tinuous casting apparatus 1. Casting conditions are as follows: The melting temperature was set at 730°C; the temper- 
ature of the molten metal Immediately above the spout 15 was set at 650«C; the cast product withdrawing speed was 
set at 150 mm/mln; the protrusion amount Ar of the spout 15 was set at 2 mm; the diameter of the ingot 1 was 152.4 

30 mm- the magnetic flux density in the molten metal agitating area forming portion g was set at 360 Gs (4-pole coils and 
50 Hz); and the average cooling speed of the molten metal Mm in the nrolten metal agitating area forming portion a was 

IMTOl^^Fonron^^ an Ingot I was produced in a casting manner under the same condition using an agitated con- 
tinuous casting apparatus having the same structure as in the above-described apparatus, except that 2-pole coils were 

35 used in place of the 4-pole coils. ^ w **. ^ . 

[0079] The relationship between that position on the radius which is spaced at a certain distance apart from the outer 
peripheral surface and the Fe content in such position was examined for both of the ingots I to provide results shown m 
Rg 22 It can be seen from Fig.22 that when the 4-pole coil Is used, the distribution of Fe on the radius of the ingot is 
uniform, as compared with the case where the 2-pole coil is used. When the 2-pole coil was used, it is obvious that the 

40 segregation of intenrietallic compounds Including Fe was produced In the cert^^ 

[0080] Using example (1) of the aluminum alloy, examples (1) to (1 1) of Ingots I were produced in a casting manner 
inthe agitated continuous casting apparatus 1 including the 4-pole coils under the same conditions as those deswibed 
above except that the magnetic flux density B in the molten metal agitating areaforming portion e was varied by chang- 
ing the electric cun-ent supplied to each of the coils 25. For comparison, the same casting operation as those described 

45 above was carried out using an agitated continuous casting apparatus having 2.poIe coils to produce example (12) of 
an ingot I The length L of the longest portion of an agglomerate (Fe-based intermetallic compound) in an outer periph- 
eral zone of each of examples (1 ) to (1 2) of the ingots I was measured, and the presence or absence of the segregation 
In the center zone was examined, thereby providing results given in Table 12. 
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Table 12 



Example of ingot 


Magnetic flux density 


Lenoth L of lonoest 
portion of agglomer- 
ate ((im) 


Presence or absence 
of segregation in 
center zone 




B in molten metal agi- 
tating area forming 
portion (Qs) 


Bi in center zone 
(Gs) 






V) 


90 


0 


1580 


absence 




95 


0 


1520 


absence 


\y) 


100 


0 


590 


absence 


(d\ 


100 


0 


580 


absence 


\^) 


100 


U 


550 


absence 




300 


0 


590 


absence 


(7) 


300 


0 


580 


absence 


(8) 


320 


0 


580 


absence 


(9) 


360 


0 


550 


absence 


(10) 


490 


0 


540 


absence 


(11) 


490 


0 


500 


absence 


cast example 1 


500 


0 


break-out 


cast example 2 


500 


0 


bre^ 


ak-out 


(12) 


490 


360 


550 


presence 



10 
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100811 Thecastexamplesi and2in Table 12wereproducedinaca8«ngmannerbytheag^^^ 

Stu8 1 iSr n^4-pole coils with the magnetic flux density in the molten metal ^a''^*"^ S^fhfi! 

SK al B = 500 QS. in the cases of these cast examples 1 and 2. a break-out was generated to make the casting 

Sfpigs 23A and 23B. 24A and 24B. and 25A and 2SB show the metallographic structures of examples (1), (2) 

and {7) of the ingots I and the lengths L of the longest portions of the agglomerates, respectvely 

rawS T?en uS casting materials obtained from a plurality of ingots made from «ample 1 ) of an ^^^^^ 

rhLiSomemtesddifferemsizes.athixo^^^^^ 

c^ndiions are as follows: The temperature of the casting material was set at 56S-C: the .nlecOon speed was 
cot at pom/sec- and the temperature of a mold was set at 250*0. . «^i,^4u« 

or decreasing the protrusion amount Ar of the spout 15. 



(EXAMPLE 2) 

65 100871 Table 13 shows the compositions of aluminum alley examples (2) to (12). 
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Tab!8 13 





Aluminum alloy example 


Chemical constituent (% b 


y weigh 








9 




Cu 


Si 


Mg 


2n 


Fe 


Mn 


Cr 


KM 


Ti 
1 1 


or 






(2) 


4.4 


7.3 


0.18 


0,5 


0.75 


0.15 


0.18 


O.UO 


A 10 


n n9 


Al 




(3) 


4.5 


7 


0.18 


0.5 


0.85 


0.67 


0.2 


A AK 


A O 




Al 


10 


(4) 


4.4 


7 


0.18 


0.5 


I 




U.^ 1 


n HA 

U.UD 


n 1 




Al 






4.5 


7.1 


0,18 


0.5 


1.2 


0.79 


0.2 


0.05 


0.2 


0.02 


Al 




(6) 


4.4 


7.1 


0.18 


0.5 


1.5 


0.3 


0.2 


0.07 


0.1 


0.02 


Al 




(7) 


4,4 


7.2 


0.18 


0.5 


1.6 


0.35 


0.18 


0.05 


0.12 


0.02 


Al 


IS 


(8) 


4.5 


7.2 


0.18 


0.5 


0.7 


0.15 


0.19 


0.05 


0.15 


0.02 


Al 




(9) 


4.4 


7 


0.18 


0.5 


0.7 


1.2 


0.2 


0.05 


0.15 


0.02 


Al 




(10) 


4.4 


7 


0.18 


0.5 


0.75 


0.1 


0.2 


0.05 


0.15 


0.02 


Al 


20 


(11) 


4.2 


7 


0.18 


0.5 


1 


0.18 


0.2 


0,07 


0,1 


0.02 


Al 




(12) 


1 4.4 




0.18 


1 0.5 


1.5 


0.25 


0.21 


0.06 


0.1 


0.02 


Al 



(00881 In these examples (2) to (12), the Mn and Fe contents in examples (2) to (7) are put in ttie triangular region as 
2S shown by the points (2) to (7) In Rg.18, and the Mn and Fe contents in examples (8) to (12) are out of the triangular 
region as shown by the points (8) to (12) in Fig.18. ^ ^ , « „ 

[00891 Using the aluminum alloy examples (2) to (12). examples (2a) to (12a) of Ingots I were produced In a castng 
manner by the agitated continuous casting apparatus 1. Examples (2a) to (12a) correspond to the alumnum alby 
examples (2) to (12) respectively. Casting conditions are as follows: The melting temperature was set at 730 C; the 
30 temperature of the molten metal immediately above the spout 15 was set at eso-C; the cast product wfthdrawmg 8f^ 
was set 150 mm/min; the protrusion amount Ar of the spout 15 was set at 2 mm; the diameter of the ingot I was 152.4 
mm- the magnetic flux density in the molten metal agitating area forming portion fi was set at 300 Gs(4^)ole coils and 
50 Hz): and the average cooling speed of the molten metal Mm In the molten metal agitating area forming portion & was 

iSSst^ The^resence or absence of an agglomerate in the outer peripheral zone was mteroscopioaHy examined for 
each of examples (2a) to (12a) of the ingots 1. When the agglomerate was present, the length Lof the longest portion 

of the agglomerate was measured. , „,„ 

[0091] For comparison, using the aluminum alloy examples (2) to (12), examples (2b) to (12b) of ingrts I were pro- 
duced in a casting manner under the same conditions as those described above by the agitated continuoiB rastng 
apparatus having the 2-pole coils. ITie examples (2b) to (12b) correspond to the aluminum alloy examples (2) to (12). 

[OeSr^The presence or absence of an agglomerate in the outer peripheral zone was rrtcroscoplcaPy examined for 
each of examples (2b) to (12b) of the ingots I. When the aggtomerate was present, the length L of the longest portion 

of the agglomerate was measured. 
« [0093] Table 14 shows results of the microscopic examination and the measurement 
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Table 14 



Example of ingot 


Agglomerate 




Presence or absence 


Length L (urn) of longest 
portion 


(2a) 


presence 


550 


(2b) 




750 


(3a) 


presence 


500 


(3b) 




690 
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Table 14 (continued) 



Example off ingot 


Agglomerate 




Presence or absence 


Length L (jim) of longest 
portion 


(4a) 


presence 


550 


(4b) 




790 


(5a) 


presence 


500 


(5b) 




810 


(6a) 


presence 


390 


{6b) 




750 


(7a) 


presence 


540 


(7b) 




800 


(8a) 


absence 


_ 


{8b) 






(9a) 


absence 


- 


(9b) 






(10a) 


absence 




(10b) 






(11a) 


absence 




(11b) 






(12a) 


absence 




(12b) 







[0094] As apparent from Table 14, because the agglomerate appeared in examples (2a), (2b) to (7a), (7b) of the 
ingots, the aluminum alloy examples (2) to (7) and thus, the aluminum alloys having the composrtion put in the triangular 
region shown in Fig.1 B are Intended for the present Invention. It can be seen from Table 1 4 that If the 4-poIe coll is used, 
the length L of the longest portion of the agglomerate can be suppressed to a value smaller than 600 )im. 
10095] ngs.27A and 27B as well as Rgs.28A and 28B show the metallographic structures and the lengths L of the 
longest portions of the agglomerates in example (6a) and (6b) of the ingots I. respectively. 
10096] Flg.29 shows the relationship between the sum Fe + Mn of the Fe and Mn contents and the Charpy impact 
value (notched) In each of aluminum alloy members made in a thixocasting process. In Rg,29. the aluminum alloy mem- 
bers indicated by the points (2) to (7) con'espond to those produced using casting materials made from the ingot exam- 
ples (2a) to (7a) shown in Table 14. , 
[0097] It can be seen from Fig.29 that if the sum Fe + Mn is equal to or higher than 2 % by weight, the Charpy impact 
value of the aluminum alloy member is decreased. Therefore, the composition on the line Mn « - Fe + 2 in Rg.18 Is not 
included in the composition of the aluminum alloy intended for the present invention. 

[0098] When a continuous casting is can-ied out while applying an electromagnetic agitating force to a molten metal 
of an aluminum alloy composition, the molten metal of the aluminum alloy composition, which is used, has an Fe con- 
tent in a range of 0.75 % by weight <. Fe < 2 % by weight. Thus, a hard Fe-based intermetallic compound can be crys- 
tallized as a primary crystallized product, and an acicular intermetallic compound can be pulverized and finely divided 
by cooperation of the hard Fe-based intermetallic compound with the electromagnetic agitating force. 

Claims 

1 . An agitated continuous casting process for an aluminum alloy, comprising continuously casting a molten metal of 
an aluminum alloy composition while applying an electromagnetic agitating force to said molten metal, wherein said 
molten metal of the aluminum alloy composition used has an Fe content In a range of 0.75 % by weight ^ Fe < 2 % 
by weight. 
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2. An agitated confinuous casting process for an aluminum alloy according to claim 1 , wherein an Mn content in said 
molten metal of the aluminum alloy composition is in a range ofa/2sMn<:a,andaCr content in said molten metal 
is in a range of a/10 i Cr s a/4, wherein a represents the Fe content. 

3. An agitated continuous casfing process for an aluntinum alloy according to claim 1 or 2. wherein said continuous 
casting is carried out using a continuous casting apparatus which comprises a spout having an upward-turned mol- 
ten metal receiving port and a downwaid-tunied molten metal outl«. a cylindrical water-cooled casting mold dis- 
posed immediately below said spout to cod a molten metal from said molten metal outlet, and an agitator operable 
to apply the elecUomagnetic agitating force to said molten metal of the aluminum aHcy composition within said 
spout and wherein an average coonng speed MCR of said molten metal contacting a molten metal agitating area 
forming portion of an inner peripheral surface of the spout Is set in a range of 0.5°C/sec ^ MCR s. 20»C/sec. and a 
magnetic flux density B in said molten metal agitating area forming portion is set in a range of 1 00 Qs s B < 500 Gs. 

4 An agitated continuous casting process for an aluminum alloy according to daim 3. wherein said molten metal agi- 
tating area forming portion of the inner peripheral surface of the spout assumes a tapered shape with its inside 
diameter thereof gradually inweased from an upper peripheral edge thereof toward said molten metal outlet. 

5 An aoitaled continuous casting process for an aluminum alloy, comprising introducing a molten metal of an alumi- 
* num alloy composition into a cylindrical water-cooled casting mold disposed immediately below a spout, while agi- 
tating said molten metal within said spout, wherein said molten metal of the aluminum alloy composition used has 
an Fe content in a range of 0.75 % by weight 5 Fe < 2 % by weight, and an Mn content of said molten metal is set 
at Mn S l(Fe/5) + 0 2] % by weight, when the Fe content is in a range of 0.75 % by wdght s Fe <: 1 .5 % by weight, 
while bang Mn s ( - Fe + 2] % by weight, when the Fe content is in a range of 1 .5 % by weight < Fe < 2 % by weight: 
and a cooling speed CR of said molten metal in an upper peripheral edge of a molten metal agitating area forming 
portion on an Inner peripheral surf&ce of said spout is set in a range of 10-Cfeec ^ CR s SO'C/sec. 

6 An agitated continuous casting process for an aluminum alloy, comprising introducing a molten metal of an alumi- 
num alloy composition into a cylindrical water-cooled casting mold disposed immediately below a sport, white agi- 
tating said molten metal within said spout, wherein said molten metal of the aluminum alloy composition u^ has 
an Fe content in a range of [3/4] % by weights Fe < [5/3] % by weight, and an Mn content in a range of [Feffi] ^by 
weight s Mn < [- Fe + 2] % by weight: a magnetic flux density B, in a molten metal agitating area forming porton 
rSTinnrperUeral surface of «.id spout is set inamngedlOOG^ 

B2 in a center zone of a molten metal agitating area is sot at Bg s 20 Qs. 
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An agitated continuous casting process for an aluminum alloy according to claim 6. wherein an electromagnetic 
indudion-type agitator for eleclromagneticaHy agitating said molten metal includes multi-pole coils having 4 or more 
poles. 
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FIG.2 
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FIG.4A 



EXAMPLES 




25 



EP 0 947 262 A1 



FIG.5A 



EXAMPLE 4 
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FIG.6A 
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FIG.7A 
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FIG.9A 



EXAMPLE 5 
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INTERMETALLIC COMPOUNDS 
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AVERAGE COOLING SPEED 
MCR CC/sec) 



35 



EP 0 947 262 A1 




Mn CONTENT (% BY WEIGHT) 
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FIG.20 
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FIG.23A 



EXAMPLE 1 
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FIG.23B 

EXAMPLE 1 ' 
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FIG-24A 



EXAMPLE 2 
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EXAMPLE 2 
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FIG.25A 
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FIG.27A 



EXAMPLE 6a 
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FIG.27B 
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FIG.28A 



EXAMPLE 6b 
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EXAMPLE 6b 
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